Coal workers' pneumoconiosis or black lung disease is associated with coal dust inhalation by susceptible miners and is characterised by a chronic fibrous tissue reaction in the lungs that may cause disability or death."2 Federal and state programmes provide disability compensation for miners with the disease, or for surviving dependents, provided that certain criteria are met. These criteria are intended to identify miners who, as a result of coal mining, became totally disabled. There are no scientific criteria for defining total disability from black lung disease and each case is evaluated individually after evidence is presented. Usually, the evidence is the miner's pulmonary function evaluation.
Confusion over basic issues has resulted in conflicting conclusions among scientists, federal administrators, and lawyers concerned with black lung disability. The key to understanding disability from black lung disease probably rests with understanding how the disease affects pulmonary function, but it is this area that is the most controversial. For example, black lung disease is generally accepted to be a type of occupational pneumoconiosis and is classified as an interstitial lung disease.3 On the other hand, cigarette smoking causes a chronic obstructive lung disease. These two different types of lung disease, interstitial and obstructive, are separated clinically by a laboratory test, the spirogram. Interstitial disease causes a reduced forced vital capacity (FVC) whereas obstructive disease causes a reduced one second forced expiratory volume (FEVI) . Yet 
the Federal
Department of Labor allows a low FEV, (obstructive disease) and pneumoconiosis on chest radiographs to be sufficient evidence of total disability from black lung disease.4 This has led one textbook to conclude that "coal workers may be compensated for chronic airway obstruction due to cigarette smoking at a much higher rate than are workers in other industries. " Because heart disease may also limit exercise tolerance, subjects with apparent heart disease were eliminated. Apparent heart disease was defined as significant ST changes on the electrocardiogram during exercise, a history of heart attack, or electrocardiographic evidence of myocardial infarction. These criteria eliminated an additional 169 subjects, leaving 690 subjects with a history of coal mining, applying for disability, able to complete the exercise test without musculoskeletal problems, and with no apparent heart disease. These miners are the subject of this report.
Analyses
The first analysis examined factors that might be related to exercise capacity. Pearson's correlation coefficients were determined among the variables. Because of the many inter-relations found among the variables, multivariate regression analysis was completed. Regression analysis attempts to find the effect of a given variable after adjusting for the effect of the other variables. The statistical analysis system (SAS) general linear model was used.'6 "Years of smoking" was selected as the variable for smoking history rather than "pack-years of smoking" because the former explained slightly more variance than the latter.
To complete linear regression analyses, variables must be continuous-that is, the variables must have values that are established at equal intervals. The standard ILO chest radiographic diagnoses have progressive numerical values for extent of nodule perfusion (1/1, 1/2, etc), but the values are not at equal intervals. To use radiographic diagnosis in the regression analyses, ILO diagnoses were converted to "ILO rank" by establishing an ordinal scale for ILO rank, and matching with the rank order ILO Lexington, 1985) . The economic implications of disability in miners with black lung disease are significant. For the individual miner, the determination of disability from coal workers' pneumoconiosis may result in over $100 000 in benefits. ' 45 subjects with pulmonary silicosis in Genoa also found no correlation between exercise capacity and smoking, years exposure, age, weight, or any pulmonary function result. The number of subjects they studied is considerably less than in this study and they did not attempt multivariate analysis. Their conclusion that exercise is therefore limited by factors other than ventilatory limitation was not substantiated by the current study. '5 The data presented here suggest that exercise capacity is affected by several variables. Age is a significant factor inversely related to exercise capacity, which is not a surprising finding; older people have less exercise capacity."5 Body weight also affects exercise capacity, which also is not surprising; heavier people also had shorter treadmill exercise tolerance. FEV1 was related to exercise tolerance.
Jones et al previously indicated the relation of age and FEVy to exercise capacity.26 Their study, however, on a relatively few subjects (n = 50), was not directed at pneumoconiosis and did not include blood gas or radiographic findings. Our study supports and extends Jones's findings. FEV1 in this study was related to cigarette smoking, an observation made frequently before.27 For some miners, exposure to coal dust may be more likely to produce reduced FEV1 rather than FVC. Hurley and Sautar reported 199 selected ex-miners who had a pronounced inverse relation between exposure to dust and FEV1. 8 This relation was more pronounced among ex-smokers; however, the analysis did not otherwise control for smoking history and the selection of a subgroup of miners for study makes generalisation difficult.
FVC also had a significant relation on exercise tolerance in this population of coal miners. The causal modelling analysis showed that FVC was in turn affected by years mining underground.
PCO2 was related to exercise tolerance but neither smoking nor mining history were seen to affect PCO2 in this study. Possibly PCO2 is a non-specific indicator of cardiopulmonary function or it does not have a linear relation to other variables.
We did not find that the resting arterial oxygen level predicted exercise capacity. Maximal work rate had previously been thought to be directly proportional to arterial oxygen tension at rest. ' 
